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IN THE UNITED STATES PATENT 

Applicant (s) : Prof. H. W. MULLER et al . 

Serial No. : New 

Filed: November 15, 1999 

A METHOD FOR THE IMPROVEMENT OF NEURONAL REGENERATION 

PRELIMINARY AMENDMENT TO LESSEN FEES 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application 
as follows : 

IN THE CLAIMS. 

Claim 4, line 1, delete "claims 2 and/or 3", 

insert --claim 2--; 
Claim 6, line 1, delete "any one of the preceding claims", 

insert --claim 1--; 
Claim 7, line 1, delete "any one of the preceding claims", 

insert --claim 1--; 
Claim 8, line 1, delete "any one of the preceding claims", 

insert --claim 1--; 
Claim 9, line 1, delete "any one of the preceding claims", 

insert --claim 1--; 
Claim 13, line 1, delete "claims 10 or 11", 

insert --claim 10--; 
Claim 17, line 1, delete "or 16". 



The foregoing Preliminary Amendment is requested in order to delete the 
multiple dependent claims and avoid paying the multiple dependent claims fee. 
Early action on the merits is respectfully requested. 



Respectfully submitted, 

JACOBSON, PRICE, HOLMAN & STERN, PLLC 
William E. Player' V^N^ 



By- 
Reg. No. 31,4 09 



4 00 Seventh Street, N.W. 
Washington, D.C. 20004-2201 
(202) 638-6666 



Date: November 15, 1999 
Atty. Docket: P64029USO 
WEP:crj 



^ Law Offices of 
JACOBSON, PRICE, HOLMAN & STERN 

PROFESSIONAL LIMITED LIABILITY COMPANY 
, THE JENIFER BUILDING 
400 SEVENTH STREET, N.W. 
WASHINGTON, DC 20004 

Attny's Docket No. Pfidn?QiiRn 

SMALL ENTITY DECLARATION 

[37 CFR1.9(c-f)] 

Each undersigned declares that: 

(1) □ the application attached hereto. 

(2) 1X1 U.S. Application Serial No. , filed November 15. 1999 

(3) □ U.S. Patent No. issued 



is entitled to the benefits of "small entity" status for paying reduced fees under 35 USC 41 (a) and (b) to the Patent and Trademark Office by 
virtue of the following: 

(4) {x\ Each undersigned declares that he/she qualifies as an independent inventor, or would qualify had he/she made the 
as defined in 37 CFR 1.9(c). 

(5) □ The undersigned declares that he/she Is an official empowered to act on behalf of the concern identified below; that 
concern qualifies as a small business concem as defined in 37 CFR 1.9(d); that exclusive rights to the invention have been conveyed to and 
remain with the small business concern, or if the rights are not exclusive, that all other rights belong to small entities as defined In 37 CFR 

(6) □ The undersigned- dec lar es th at he/sheas an official empowered to^actorLbehalf of the organization identified b_elow; that 
organization qualifies as a nonprofit organization as defined in 

(a) □ 37 CFR 1.9(e)(1) 

(b) □ 37 CFR 1.9(e)(2) 

(c) □ 37 CFR 1.9(e)(3) 

(d) □ 37 CFR 1.9(e)(4) State law of . ; 

that exclusive rights to the invention have been conveyed to and remain with the organizafion, or if the rights are not exclusive' 
that all other rights belong to organizations as defined in 37 CFR 1 ,9, 

(7) Each person, concern or organization to which I/we have assigned, granted, conveyed or licensed, or am under an 
under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

(a) [13 no such person, concern or organization 

(b) □ persons, concerns or organization listed below 

[a separate declaration is required from each named person, concem or organization having rights to this invention avemng to their 
status as "small entities."] 

Full Name ^ 

Address 

□ Individual □ Small Business Concern □ Nonprofit Organization 

I/we acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement of small 
entity prior to paying, or at the time of paying, the eariiest of the issue fee or any maintenance fee due after the date on which status as a small 
entity is no longer appropriate. (37 CFR 1.28(b)) 

I/we hereby declare ail statements made herein of his/her own knowledge are true and that all statements made on Information and belief 
are believed to be true; and further that these statements were made wM) the knov/ledge that willful false statements so made are punishable 
by fine or imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize 
the validity of the application, any patent issued thereon, or any patent to-which this decteration is directed. 



Typed Name of Inventor 
Christine C. STICHEL-GUNKEL 

Typed Name of Inventor 

Typed Name of Inventor 
Typed Name of Inventor 



Signature f Date 



Name of Small Business Concem or Nonprofit Organization 
By 



Title of Signatory 
©JPH&S 1989; 11/97; 5/98 (Copying without deletions permitted) 
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Aaaift;hod for the j^iiDi|'QVMawint^ of neurona l reamftr atigi 



The present invention refers to a method for the improvement 
of neuronal regeneration,! a medicament for the improvement of 
neuronal regeneration and luse of a specific inhibitor avibstance. 

Injury to adult mammaliani CMS fiber tracts leads to the forma- 
tion of a lesion scar c<j)naisting of a convoluted fringe of 
astroglial processes lined by a bagal membrane (BM) . This lesion 
gear is implicated as a majjor extrinsic constraint to effective 
axon regeneration in brai|i and spinal cord (1 - 4) . While the 
dense astrocytic network | ia a permissive substrate for axon 
growth (5, 6) , the presence of BM has been hypothesized as a 
crucial impediment for regeneration (7) , However, experimental 
evidence was not shown, fo the contrary, when the BM formed 
after a lesion of neuronal! tissue was removed (24) , no improved 
regeneration could be repijroducibly monitored (25) . Therefore, 
it is still of great impoijtance to have a method for improving 
regeneration of injured n^urona. 



WO 93/19783 discloses a trjethod for preventing, supreseing or 
treating a CNS pathology I characterized by a deleterious ac- 
cumulation of extracellular matrix in a ciaaue by contacting 
the tiHsue with an agent t^|at inhibits the extracellular matrix 
producing activity of TGF-jfi. The disclosed methods can be used 
to prevent, suppress or tjreat scar formation in the CNS. As 
useful agents are addresaecl neutralizing anti-TGF-fi antibodies, 
Arg-Gly -Asp-containing pe])tides, decorin and its functional 
equivalence such aa biglycan and T6F-i^ antagonists. TGF-j& has 
a wide spectrum of physiological functions such as activation 
of cell of the immune system, inhibition of cell proliferation, 
neurotrophic effects on ae:iflory neurons, inhibition of Schwann 
cell myelination, anti-pr<l)f ilerative effects on glial cells, 
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immunsuppressive eff ects, i stimulation of extracellular matrix 
deposition and chemoattracttion of microglia cells. The anti-TGP- 
fi treatment would induce khe opposite effects, inhibition of 
TGP-S activity leads to nulreroue non-specific cellular reapon- 
aea, which may even lead i+o unwanted side effects. One object 
of the invention is to avoid such potential unwanted side 
effects. 

Surprisingly, improvement of regeneration of neuronal tissue 
after lesion ia achieved by a method of the present invention. 

According to the method of .the invention improved regeneration 
of injured neuronal tissue; is achieved by specific prevention 
or specific inhibition of basal membrane formation induced by 
a lesion of neuronal tissu|e. 

The basal membrane is a structure which is con^osed of different 
elements. Elements of the basal membrane are collagen IV, 
laminin, entactin (Nidogen)i accessory substances. The assembly 
of the elements to the baa^l membrane is performed by enzymes 
which may be assisted by c^f actors. 

Inhibitors of TGP-& are not involved with a specific prevention 
or specific inhibition of basal membrane formation induced by 
lesion of neuronal tissue. According to the present invention 
it is achieved in an advantageous manner that a specific inter- 
action is provided. 

Preferably, the formation <t)f the basal membrane is prevented 
or inhibited by applying a specific inhibitor substance of the 
synthesis of basal membranei building elements, or the assembly 
of basal membrane building lelements, or both the synthesis of 
basal membrane building elements and the assembly of basal 
membrane building elements to a body in need thereof. The 
building elements of the basial membrane are in particular those 
which are involved with the formation of the basal membrane, 
for instance molecular struaturea building up the basal membra- 
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ne, auch as monomeric comppunds, accesaory substances, substan- 
ces for the asaetnbly of tfie components of the baaal membrane 
and the like. 

In particular, the basal tnejnbrane building elements are selected 
from the group consisting , of collagen IV, laminin, entactin, 
accessory substances for proper function, or the assembly of 
the basal nveinbrane, or bothi the proper function and the assembly 
of the basal tnembrane. 

A specific inhibitor substance of the invention is capable of 
preventing or inhibiting tlhe formation of the basal membrane 
and/or is specifically interfering with the assembly process 
of the basal membrane. P|referably, the specific inhibitor 
substance is selected from the group consisting of antibodies 
against collagen IV, lamiqin/ entactin, accessory substances 
for proper function, or the. assembly of the basal membrane,- Pe- 
chelating agents; inhibitojts of amino acids hydroxylases, auch 
as prolyl -4 -hydroxylase, lysine-hydroxylase; 2-oxoglutarate 
competitors; antisense nucl'eotidea or nucleotide analogs which 
are able to prevent or inhii^it the expression of basal membrane 
building elements, and the 'like. 

According to the invention pan further be used those inhibitor 
substances which are selected from the group consisting of N- 
oxaloglycine; Zn salts; pyridine derivatives, such as 5-arylcar- 
bonyamlno- or 5-arylcarbamoyl- derivatives, 2-carboxylate, 2,5 
dicarboxylate, their ethyl 'esters or ethyl amides or -5-acyl 
sulfonamides, 2,4 dicarboxylate, their ethyl eaters or ethylami- 
des, or diraethoxyethylamidea; 3,4 bipyridine, such as 5 amino- 6- 
(IH) -one, ],,6-dihydro-2-methYl-6-oxo-5-carbonitril,' 2,2' -bipyri- 
dine, such as 5, 5' -dicarbojtylic acid or its pharmaceutically 
acceptable salts, 4 ,4 ' -dicarboxylic acid ethyl ester or ethyl 
amide; 3 , 4 ' -dihydroxybenzo^te, such as the diethyl ester; 
proline and its structural aijid functional analoges; JS-aminopro- 
pionitrile; deaf errioxamine'; anthracyclines; 2 , 7, 8-trihydroxy 
anthraquinones , f ibrostatin-^; coumalic acid or its pharmaceuti- 
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caLly acceptable gales; 5~oxaprollne,fi-lactatn antibiotics. 

In a preferred enibodiment of the present invention the specific 
inhibitor substance (a) are applied in combination with one or 
more substances being capable of stimulating neuronal growth 
or inducing the expression of growth promoting proteins. Such 
neuronal growth stimulating aubatanceg are neurotrophic growth 
factors of the neurotrophin family and other growth factor 
families such as fibroblast growth factors, insulin and insulin- 
like growth factors, as well as epidermal growth factor, ciliary 
neuronotrophic growth factor (CNTF) , glial cell -derived growth 
factor (GDNF) , cytokines, neurotrophic proteoglycans and gly- 
coaamino-glycana, neural cell adhesion molecules like LI (NILE) , 
growth- associated proteins like GAP43 and ant i-apopt otic pro- 
teins like bcl-2. 

According to the invention it is preferred to locally apply the 
specific inhibitor substances in the neuronal tissue, intraven- 
tricularly, or systemically, in particular orally or intra- 
venously. 

The concentration of the specific inhibitor substance varies 
in view of the chemical nature. For exanple, antisense inhibitor 
substances may have more specific effects so that lesser amounts 
can be applied. 

Typically, the specific inhibitor substance is applied in 
therapeutically effective amoionts, such as 1 ng/kg to X mg/kg 
body weight, when low molecular compounds such as bipyridyl- 
derivatives are applied. 

The invention also provides a medicament for the improvement 
of neuronal regeneration comprising a therapeutically effective 
amount of a specific inhibitor substance which is capable of 
prevention or inhibition of basal membrane formation induced 
by a lesion of neuronal tissue. Appropriate specific inhibitor 
substances are described hereinabove. The medicament may further 
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compriae carrier aubatances or adjuvants in order to facilitate 
an appropriate application. The medicament may further comprise 
substances which are capable of atimulating neuronal growth. 

The specific inhibitor substances which are capable of preven- 
tion or inhibition of basal membrane formation induced by a 
lesion of neuronal tissue can be used for the manufacturing of 
a medicament of the invention. 

Fig. 1: 

Expression of collagen IV and axonal sprouting after transection 
of the post commissural fornix in untreated animals (b-d) and 
after injection of anti-Coil IV (e) or DPY (f) at two weeks 
pogtsurgery, a. Sagittal view of the adult rat brain showing 
the course of the fornix and the location of the transection 
site. Marked deposition of collagen IV in the lesion site 
(arrow) and proximal stump (P) of an untreated animal at low 
(b) and high magnification (c) . Note, the fine structure and 
the spatial orientation of collagen IV deposits perpendicular 
to the trajectory of the tract, d, In untreated animals regro- 
wing fornix axons stop sharply at the lesion site (arrow) . 
Collagen iv deposition is markedly reduced in the lesion site 
after anti-Coil IV (e) or DPY injection {f ) . Scale bars, lOO >tm. 

Pig. 2: Regeneration of transected fornix fibers across the 
lesion site in rats treated with anti-Coll IV (a, c, e) or DPY 
(b, d, f) at 6 weeks postaurgery. Sagittal serial sections 
reacted for NP-immunohistochemiscry show that in Isoth experimen- 
tal groups fibers traverse the former lesion site (arrows) (c, 
d) and elongate within the distal stump (e, f ) up to the mammil- 
lary body (MB) . Scale bars, lOO fim. 

Fig. 3: Recovery of structural features of the regenerating 
fornix tract, a, b Anterograde tracing with biocytin of an anti- 
Coll IV treated animal at 6 weeks postsurgery reveals the large 
number of regenerating axons (a) , their elongation within the 
former pathway (a) and their fine varicose morphology (b) . c, 
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Large WGA-HRP- filled axon (arrowhead) in the mammillary body 
surrounded by compact myelin (arrows) . d, e Electron micrographa 
of anterogradely WGA-HRP -labeled presynaptic terminals (arrow- 
heads) in the mammillary body at 6 week© after anti-Coll IV 
treatment. Scale bars, 100 (a), 50 fm (b) , o.l fm (c) , 0.5 /xra 
(d) , 1 ixm (e) . 

Fig, 4: Electrophysiological propertiee of fornix fibers in 
unleeioned rats and lesioned/injected aniinala with regeneration, 
a. Schematic illustration showing the location of the stimula- 
ting (S) and recording (R) electrode at various conditions, b, 
Characteristic recordings of extracellular action potentials 
in a sagittal slice prepared from an animal with regeneration. 
Recordings were obtained under conditions ae illustrated in a, 
Application of Tetrodotoxin (TTX) blocks the stimulus -evoked 
response. The net action potential is shown in trace 5. c and 
d. Distribution of conduction velocity and action potential 
response amplitude in unleaioned and lesioned/injected animals 
with regeneration. 

The mechanically transected postcommiasural fornix of the adult 
rat, a unidirectional and well-characterized fiber tract (8,9) , 
was used to determine whether specific biochemical or immunoche- 
mical modulation of BM formation would provide a means to 
stimulate axon regeneration. Here we report that lesion- induced 
BM deposition can be significantly reduced by local injection 
of anti-collagen IV antibodies or ci,<x dipyridyl, an inhibitor 
of collagen triple helix formation and synthesis. Reducing the 
collagen network allowed massive axon elongation across the 
lesion site. The regenerating fornix fibers followed the origi- 
nal pathway, reinnervated their appropriate target, the mammil- 
lary body, were remyelinated and attained nearly normal conduc- 
tion properties, on failure of adult mammalian CNS axons we 
examined its spatio-temporal distribution pattern after pene- 
trant CNS lesion and determined whether its remodelling allows 
structural and functional regeneration of a transected CNS fiber 
tract . 
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The left postcommisaural fornix was atereotactxcally transected 
in adult Wiatar rats Fig. la) and the poatlesion deposition of 
BM was analyzed using antibodies against collagen IV (Coll IV) 
and laminin (LN) , the major and unique conqponenta of BM (10,11) , 
By the end of the second week after lesion the center of the 
wound was filled by Coll IV- and LiN-rich BM (Fig. lb, c) . These 
newly formed BM were either arranged in long continuous layers 
or associated with numerous blood vessels- Within the center 
of the wound the BM layers formed a parallel array aligned 
perpendicular to the course of the fiber tract (Fig. lb, c) . 
In the vicinity of the transected stumps, however, BM layers 
were deposited as hook-like turns extending along the longitudi- 
nal tract axis for about 200 into the fornix stumps (Pig. 
ic) . In parallel with the deposition of the BM, sprouting axons 
in the proximal stump reached the lesion site. They failed to 
cross or bypass it but stopped growing at the wound border at 
about 2 weeks after lesion (Fig. Id) . The spatio-temporal 
coincidence of BM formation with the abrupt axonal growth arrest 
at the tract -lesion border strongly suggests that the newly 
formed perpendicular layers of BM could be a physical impediment 
for regenerating axons. 

In an effort to modulate poatlesion BM deposition, either 
polyclonal antibodies against collagen iv (anti-Coll IV; n=14) 
or the iron chelator a, a'-dipyridyl (DPY; n^S) were injected 
locally into the lesion center immediately after transection. 
DPY is a competitive inhibitor of prolyl 4 -hydroxylase (12) and 
has been shown to prevent collagen triple helix formation (12) , 
which results in feedback inhibition of procollagen synthesis 
(13) and enhanced procollagen degradation (14) . Control animals 
received a PBS injection (n=9) or were sham operated (n=3) . 
Basal membrane formation was studied in response to antibody 
and drug treatment using immunohiatochemical methods. Animals 
receiving a single injection of anti-Coll IV (80-160 ng) or DPY 
(1.6-16 iimol) showed a massive and specific reduction in Coll- 
immunopositive laminae and blood vessels in the lesion center 
and the fornix stumps at all examined survival time points. At 
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2 weeks after leaion+injection only a very small number of CoH- 
immunreactive structures perpendicular to the tract course had 
developed (Fig. le, f ) . Control animals, however, exhibited 
dense BM deposition as previously described for leaxon only 
animals. The applied substances reduced the deposition of BM 
at thfe lesion site but did not affect the number or the distri- 
bution of vascular BM in the surrounding neuropil. Therefore, 
we conclude that the lesion- induced BM formation can be specifi- 
cally reduced by immediate application of either ant i -Coll IV 
antibodies or DPY. 

To determine whether reduction of BM deposition would permit 
regeneration of transected axons across the lesion site, we 
studied the elongation of fornix axona after anti-Coll IV or 
DPY treatment using immunocytochemical staining. While sprouting 
fornix fibers in control animals ceased growing at the proximal 
stump-lesion interface (Fig. id) large numbers of axona entered 
and traversed the lesion center between 2 and 4 weeks after 
leaion+injection in tiiose animals receiving anti-Coll IV {n= 
11) (Pig. 2 a, c, e) or DPY treatment (n= 6) (Pig. 2 b, d, f ) . 
Moat regenerating axona formed a loop over the lesion site, 
entered the distal stump and continued in a parallel bundle of 
fine and beaded axona within their previous pathway (Pig. 3a, 
b) . They reached their appropriate target, the mammillary body, 
at about 4-6 weeks postsurgery. Anterograde tracing with WGA-HRP 
into the subiculum, the origin of the fornix (not shown) , or 
biocytin application into the proximal forhix stump (Fig. 3a) 
provided proof, that the vast majority of fibers emerge from 
the formerly transected fornix tract. All regenerating fornix 
axons remained within their original pathway and did not invade 
the surrounding neuropil. The present results demonstrate that 
the failure of postcommisaural fornix regeneration in rat brain, 
in face, depends upon the formation of an axon growth- inhibiting 
BM at the lesion site that is oriented perpendicular to the 
tract course. Reduction of BM deposition geema to he a prere- 
quisite but also a sufficient condition for the transected axons 
to regenerate across the lesion site. 
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Further preferred envbodimenta for restitution of functional 
circuitry after traumatic CNS lesion are the rewyelination of 
regenerated fibers, the re-eatablighment of synaptic connections 
with the appropriate target and the restoration of normal con- 
duction properties. Structural and functional properties of the 
regenerating axons were investigated using imraunohistochemical, 
morphological and electrophysiological methods. Iramunohistoche- 
mistry with an antibody against myelin basic protein demonstra- 
ted the remyelination of regenerated fornix axons along their 
entire length as early as 4 weeks after surgery (data not 
shown) . This observation was confirmed by ultrastructural 
analysis of anterogradely WQA-HRP labeled axons in the distal 
stump which showed clear evidence of compact myelin sheath 
formation (Fig, 3c). In addition, ultrastructural studies 
provided evidence for the re-establishment of synaptic connec- 
tions of regenerating axons within the mammillary body. Tracer 
reaction product was identified in presynaptic profiles with 
round vesicles that formed asytranetric synaptic junctions at 
unlabeled dendrites (Fig. 3d, e) . The ultrastructural features 
of the labelled presynaptic profiles correspond to those descri- 
bed for the RA-type (round, asymmetric) of synaptic terminal, 
which is considered to be of subicular origin (8) . The electro- 
physiological properties of regenerated fibers were studied 
using extracellular in vitro recording techniques applied to 
sagittal brain slices (4O0 nm) of e unlesioned rats and 4 
treated animals showing regenerated fiber tracts. In unlesioned 
animals electrical stimulation of the fornix fibers elicited 
an extracellular action potential with an amplitude of 1.02 ± 
0.14 mV and a conduction velocity of 0,48 t 0,05 m/s (mean ± 
SEM, n=16, Fig. 4b-d) . This axonal conduction velocity corres- 
ponds well to previously reported measurements (about 0.5 m/a 
for hippocampal Schaf fer collaterals (15) . Similar values for 
action potential amplitude and conduction velocity (1.12 ± 0.21 
mV, 0.46 ±0.1 m/s, n=5) were obtained in regenerating animals 
when the stimulating (S) and the recording (R) electrodes were 
positioned proximally to the lesion site (see Si and Rl in Fig. 
4a) . In the latter animals, functionally intact fibers showing 
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normal extracellular ace ion potential amplitude and conduction 
velocity could alao be demonstrated across (S3 and R3 in Pig. 
4a; 0.8 ± 0.29 tr\V, 0.54 ± 0.14 m/s, n=3) and distal to the 
lesion site (S2 and R2 in Fig. 4a; 0,91 ± 0.24 mV, 0.43 ± 
0.06 m/a, n=4) (Fig. 4c, d) , In all animals, the stimulus -evoked 
extracellular responses were blocked by Tetrodotoxin, confirming 
their nature as Na+-dependent action potentials (Fig. 4b) . Prom 
these data we conclude that the reorganization of the fornix 
tract is accompanied by structural and functional recovery of 
the regenerated axons. 

Our results demonstrate that structural and functional res- 
toration of lesioned mature fornix pathway can be achieved by 
reduction of BM formation in the lesion site. Data described 
here underscore the importance of extrinsic determinants in 
axonal regeneration but also demonstrates that once the axons 
have crossed the lesion scar other potential extrinsic regenera- 
tion constraints, like CNS myelin and oligodendrocytes (9,16- 
18), dense astrogliosia (6) and sulfated proteoglycans (19,20), 
do not impede their progress. The results further indicate that 
similar to other CNS circuits (21,22), fornix axons have an 
innate potential for regeneration and self -organization. These 
results give rise to new and promising concepts for therapeutic 
strategies that might contribute to the reduction of neurologi- 
cal deficits after CNS lesions. 

The following examples are intended for further illustration 
of the invention but are not limiting. 

Surgery. The left postcommissural fornix of 42 Wistar rats (ISO- 
210g) was transected atereotactically at a distance of about 
1 mm proximal to the target, the mammillary body, using a 
Scouten wire knife as described previously (9) . The completeness 
of transection was confirmed by serial reconstruction of the 
lesion site for each of the animals. Immediately after transec- 
tion animals received a topical application (1.6 ^1) of either 
polyclonal antibodies against collagen IV (anti-Coll IV, Bioge- 
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nex, 50-100 ng/ml, n^l4) or the iron chelator a, a' -dipyridyl 
(DPY, 1-10 mM, n^?) . Substances were pressure injected (inje- 
ction time 10 tnin) directly into the lesion aite via a micropi- 
pecte coupled to a microayringe . Controls received equal amounts 
of phosphate -buffered saline (n=9) or sham operation (n-3) . 

Anterograde tracing was performed for analysis of fiber course, 
ultrastructural morphology and target reinnervation. After a 
survival time of 6 weeks, anti-Coll iv-treated animals (n=4) 
received two injections of a 2% (w/v) solution of wheat -gerra- 
agglutinin-HRP (WGA-HRP) into the left subicular complex (dorsal 
and caudal pole) . Rata were perfused 3 days later with 2% 
paraformaldehyde and 2% glutaraldehyde in O.lM phosphate buffer. 
Vibratome sections were reacted for WGA-hrp using tetramethyl- 
bensidine as aubetrate (23) . 

SlectroQ microBCopy* For ultrastructural analysis vibratome 
sections of anti-Coll IV-treated animals were reacted for WGA- 
HRP, immersed for 12h in 1% osmium tetroxide and embedded in 
epon. Ultrathin sections were examined using a Hitachi H600 
electron microscope, 

Immunohiatochemical staining. After a survival time of 4 days 
(d) , 6d, 2 weeks (w) , 4w and 6w after surgery brains were 
removed, frozen in isopentan {-50/-60*C) and cut into serial 
sagittal 10 thick sections. Sections were fixed with acetone 
(-20*0, preincubated in 3% H202 (v/v) in methanol to block 
endogeneous peroxidase, followed by PBS containing 3% (v/v) 
normal horse or normal goat serum to reduce unspecif ic staining 
and then incubated with one of the following primary antibodies i 
polyclonal anti-collagen IV (anti-Coll IV, siogenex, 1:3), 
polyclonal anti-laminin (anti-LN, Biogenex, 1:5) or monoclonal 
cocktail against phoaphorylated neurofilaments (anti-NF, Af- 
finity, 1:800) . Following, avidin-biotin-peroxidase complex 
staining (Vector Labs) was done using standard procedures. For 
evaluation of remyelination brains were fixed with 4% parafor- 
maldehyde, paraff inized, cut into 3-/im thick serial sagittal 
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sections, deparaf f inized and incubated as described above with 
a polyclonal anci -myelin basic protein (anti-MBP, Biogenex, 1:2) 
or anti-NP as primary antibodies. Specificity ot the stainings 
was confirmed by omission of the primary antibody. 

Electrophyaiology and biocyt in injections. Sagittal slices of 
400 tim thickness were cut on a vibratome and maintained at 34- 
35 *C in an interface -type recording chamber. Artificial cerebro- 
spinal fluid (ACSP) consisted of (in mM) 124 NaCl, 3 KCl, 1.25 
NaH2P04, l.a MgS04, 1.6 CaCl2, 26 NaHC03 and 10 glucose with 
a pH of 7.4 when saturated with 95% 02 - 5% C02. Stimuli: 100 
fis, 5-20 V were delivered via a bipolar tungsten electrode. 
Extracellular action potentials were registered with a recording 
electrode (3-5 MW) located in the middle of the postcoramissural 
fornix. Tetrodotoxin (TTX, Sigma) was applied locally in a 
concentration of 10 /iM (dissolved m ACSF) with a broken micro- 
pipette placed on the slice surface near the recording site. 
Injections of a small biocytin (Sigma) crystal into the fornix 
were performed with a miniature needle. After an incubation 
period of 8-10 h in the interface chamber, sla,ces were fixed 
in 4 % paraformaldehyde, resectioned and reacted with ABC 
peroxidase reagent (Vector Labs) . 
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Claims 



1. A method for the improvement of neuronal regeneration by prevention or 
specific inliibition of basal membrane formation induced by a lesion of 
neuronal tissue. 

2. The method according to claim 1, wherein the formation of the basal 
membrane is prevented or itihibited by applying an inhibitor subst»ice of the 
synthesis of basal membrane building elements, or the assembly of basal 
membrane building elements, or both the synthesis of basal membrane building 
elements and the assembly of basal membrane building elements to a body in 
need thereof. 

3. The method of claim 2, wherein the basal membrane building elements are 
selected firom the group consisting of collagen IV, laminin, entactin, accessory 
substances for proper fimction, or the assembly of the basal membrane, or both 
the proper fiinction and the assembly of the basal membrane. 

4. The method of claims 2 and/or 3, wherein the inhibitor substance is selected 
from the group consisting of antibodies against collagen IV, laminin, entactin, 
accessory substances for proper fimction, or the assembly of the basal 
membrane; Fe-chelating agents; inhibitors of amino acids hydroxylases, such 
as prolyl-4-hydroxylase, lysine-hydroxylase; 2-oxogiutarate competitors; 
antisense oligo nucleotides or oligo nucleotide analogs. 

5. The method of claim 4, wherein tiie inhibitor substance is selected fiom the 
group consisting of N-oxaloglycine; Zn salts; pyridine derivatives, such as S- 
arylcarbonyamino- or 5-arylcarbamoyl-dcrivatives, 2-carboxylate, 2,5 dicar- 
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boxylato, their ethyl esters or ethyl amides or -5-acyl sulfonamides, 2,4 
dicarboxylate, their ethyl estera or ethylamides, or dimethoxyethylamides; 3,4'- 
bipyndinc, such as 5 amino-6-(lH)-one, l,6-dihydro-2-methyl-6-oxo-5*caibo- 
nitril; 2,2'-bipyridine, such as 5,5'-dicaiboxyUc acid or its pharmaceutically 
acceptable salts, 4,4'-dicarboxyiic acid ethyl ester or ediyl amide; 3,4'- 
dihydfoxybenzoate, such as the diethyl ester; proline and its structural and 
functional analoges; fi-aminopropionitrile; desferrioxamine; anthracyclines; 
2,7,8-frihydroxy anthraquinones, fibrostatin-C; coumalic acid or its 
pharmaceutically acceptable salts; S-oxaproline,fi-lactam antibiotics. 

6. The method according to any one of the preceding claims, wherein the 
inhibitor substancc(s) are applied in combination with a substance being 
cap^le of stimulating neuronal growth or inducing the expression of growth 
promoting proteins such as fibroblast growth factors, neural cell adhesion 
molecules like LI (NILE), growth-associated proteins like GAP43 and anti- 
apoptotic proteins like bcl-2. 

7. The method according to any one of &e preceding claims, wherein the 
inhibitor substances are applied locally in the neuronal tissue, 
intraventricularly, or systemically. 

8. The method according to any one of the preceding claims, wherein the 
inhibitor substance is applied orally or intravenously. 

9. The method according to any one of the preceding claims, wherein the 
inhibitor substance is applied in therapeutically effective amounts, such as 1 
ng/kg to 1 mg/kg body weight. 



10. Use of an inhibitor substance which is capable of prevention or specific 
inhibition of basal membrane formation induced by a lesion of neuronal tissue 
for the manufacturing of a medicament for the improvement of neuronal 
regeneration except an inhibitor substance which is an isolated peptide derived 
from type IV collagen, a peptide inhibiting the laminin nidogen interaction. 

1 1 . Use of claim 10 wherein the inhibitor substance is a substance inhibiting the 
synthesis of basal membrane building elements, or the assembly of basal 
membrane building elements, or both the synthesis of basal membrane building 
elements and the assembly of basal membrane building elements. 

12. Use of claim U wherein flie basal membrane building elements are selected 
from the group consisting of collagen IV, laminin, entactin, accessory 
substances for proper function, or the assembly of the basal membrane, or both 
the proper function and the assembly of the basal membrane. 

13. Use of claims 10 or U wherein the inhibitor substance is selected from the 
group consisting of antibodies against collagen IV, laminin, entactin, accessoiy 
substances for proper function, or the assembly of (he b^al membrane; Fe- 
chelating agents; inhibitors of amino acids hydroxylases, such as prolyl-4- 
hydroxylase, lysine-hydroxylase; 2-QXOglutarate competitors; antisense oligo 
nucleotides or oligo nucleotide analogs. 

14. Use of claim 13 wherein wherein the inhibitor substance is selected irom the 
group consisting of N-oxaloglycine; Zn salts; pyridine derivatives, such as 5* 
arylcarbonyamino- or 5-arylcarbamoyl-derivatives, 2-carboxylate, 2,5 dicar- 
boxylaie, their ethyl esters or ethyl amides or -5-acyl sulfonamides, 2,4 
dicarboxylate, their ethyl esters or ethylamides, or dimethoxyethylamides; 3,4*- 
bipyridine, such as 5 amino-6-(lH)-one, l,6-dihydro-2-methyl-6-oxo-5-carbO' 
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nilxil; 2,2'-bipyridine, such as 5,5*-dicarboxylic acid or its phannaceutically 
acceptable salts, 4,4''dicarboxyIic acid efliyl ester or ethyl amide; 3,4- 
dihydroxybenzoate, such as the diethyl ester; proline and its structural and 
functional analoges; 13-aminopropionitiiie; desferrioxamine; anthracyclines; 
2,7,8-trihydroxy anthraquinones, fibrostatin-C; coumalic acid or its 
phannaceutically acceptable salts; S-oxaproline,B-Iactam antibiotics. 

15, A medicament for the improvement of neuronal regeneration comprising a 
therapeutically effective amount of an inhibitor substance which is capable of 
prevention or specific inhibition of basal membrane formation induced by a 
lesion of neuronal tissue comprising the inhibitor substance(s: in combination 
with a substance being capable of stimulating neuronal growth or inducing the 
expression of growth promoting proteins such as fibroblast growth factors, 
neural cell adhesion molecules like LI (NILE), growth-associated proteins like 
GAP43 and anti-apoptotic proteins like bcl-2. 

The medicament according to claim 15 , wherem the inhibitor substance is 
applied in therapeutically effective amounts, such as 1 ng/kg to 1 mg/kg body 
weight. 

Use of a medicament according to claim IS or 16 for oral or intravenously 
application or for locally in the neuronal tissue, intraventricularly, or 
systemically. 
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A method for the inprovement of neuronal regeneration by preven- 
tion or inhibition of basal membrane formation induced by a 
lesion of neuronal tissue. 
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